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Questionnaire:
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N 

Can you record movies/images using your own microscope camera? (Y/N) Y 
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)  N 

C.  Which steps of your protocol will viewers benefit most from having filmed? Authors, you can choose up to four additional steps for the videographer to focus extra hard on collecting good footage of.  (e.g. 3.7 – painting the feet)  List them here: 2.3, 4.6, ______, _______, ______, ______
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 2.3, 4.6
E.  Will the filming need to take place in multiple locations? (Y/N) N
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this method is to select and deliver a micro-RNA using a recombinant adeno-associated virus vector then deliver it to skeletal muscle and motor neurons of mice and to assess their efficacy in ameliorating disease phenotypes. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Dr. Carlo Rinaldi: This method can help answer the important question of whether a miRNA-based silencing strategy can be employed to treat neuromuscular conditions.
1.2. Naemeh Pourshafie: The main advantage of this technique is the use of adeno associated serotype 9 virus to deliver a miRNA through systemic circulation to the spinal cord and skeletal muscle of mice to directly silence a target disease gene.   
E.  Ethics title card:
1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the National Institute of Health.

Protocol: (read by voice talent at JoVE)
2. Tail vein injection of AAV-miRNA Plasmid
2.1. Divide the AAV-micro-RNA plasmid stock into 100 to 200 µL aliquots [1.WID] containing a viral load of 10 to 100 trillion genomes per mL. [2.MED-TXT]
2.1.1. Establishing shot, talent making aliquots of plasmid stock
2.1.2. Continuing to make aliquots of plasmid stock, TEXT: 1010 - 1011 genomes / mL PBS
2.2. Next, load one aliquot into a syringe and attach a 27 to 30 Gauge needle. [1.CU]
2.2.1. Loading a syringe with an aliquot and attaching a needle

2.3. Now, using a standard mouse restrainer, secure a mouse with its tail exposed. [1.CU] Then, clean the tail with 70% alcohol and place a warm pad [1.ECU] under the tail for about 30 seconds to increase vasodilation.  [3.CU-TXT]

2.3.1. Securing mouse in restrainer
2.3.2. Cleaning the tail
2.3.3. Placing a warming pad under the tail, TEXT: 28 – 30 (C, 30 s
2.4. Now, at the distal portion of the tail, insert the needle into the tail vein with the bevel up and at a shallow angle, about 15 degrees. [1.ECU] Then, inject the virus and wait a few seconds before removing the needle. [2.CU]
2.4.1. Positioning the needle above the vein, adjust the angle and bevel rotation, then inserting needle into vein

2.4.2. Pushing plunger to inject the syringe content into vein, pausing a few seconds

2.5. After removing the needle, apply moderate pressure using two fingers to stop any bleeding.  [1.CU] Then, return the animal to its home cage. [2.MED]
2.5.1. Removing needle and apply pressure to insertion site

2.5.2. Returning the mouse to its cage

2.6. Dr.Carlo Rinaldi:  During the tail vein injection, it is not uncommon to see a flash of blood in the hub of the needle. While injecting, there should be no resistance. If the tail starts to blanch and swell, remove the needle and try again proximal to the previous location.

2.6.1. Interview at bench

3. Behavioral assays: Hanging Wire and Foot Print Assay
3.1. For these tests the mice should be older than four weeks [1.WID] and be sure to collect a baseline measure before treatment.  [2.WID] The testing room should be quiet and dark without disturbances.  [3.WID]
3.1.1. Loading mouse cages onto cart

3.1.2. Rolling cart to behavior room opening the door to behavior room

3.1.3. Entering the dark behavior room with cart of cages, closing door

3.2. Bring the mice into the room at least 30 minutes before conducting any tests.  [1.MED] Do not disturb the animals during this period of acclimatization. [2.WID-TXT]
3.2.1. Transferring the mice to bench or just rolling cart to stay location 

3.2.2. Talent leaves behavior room and closes door, TEXT: 30 min acclimation

3.3. Start with the hanging wire test. Pick up the mouse by its tail [1.MED] and place it on the center of the wire grid. Then, raise the grid 15 to 20 inches [2.MED] and slowly invert the screen to give the mouse time to adjust its grip. [3.CU]
3.3.1. Taking mouse out of home cage

3.3.2. Setting mouse on grid and raising the grid, so it can be rotated

3.3.3. Rotating the grid slowly, show the mouse adjusting it’s grip to stay held on

3.4. Once the grid is completely inverted, start the timer, and record the time to fall.  [1.MED] Allow the mouse 60 seconds to hang on.  If it falls sooner then [2.CU] return it to the grid and repeat the procedure.  [3.MED]
3.4.1. Grid gets completely inverted and talent starts timer

3.4.2. Detail of mouse on inverted grid, it falls off eventually

3.4.3. Talent takes mouse from fallen position and returns it to the grid

3.5. If the mouse hangs a full 60 seconds, register 60 seconds [1.MED] for the score and return the mouse to its cage.  Allow each mouse three tries to hang 60 seconds, [2.MED] otherwise score the longest hang time.  [3.CU-TXT]
3.5.1. Inverting mouse again and starting timer

3.5.2. Mouse falls, then inverting mouse on grid a 3rd time and starting timer, TEXT: Up to 3 trials to hang 60 s

3.5.3. Talent jotting down the longest hang in logbook, show the range of scores, TEXT: Only score longest hang

3.6. Now, wait 10 minutes before conducting the Foot print assay. [1.WID] For this assay, place an absorbent sheet of paper on the floor [2.CU] of a narrow runway, along which the mouse will walk. [3.MED-TXT]
3.6.1. Re-establish setting, pan around room as talent prepares a sheet for foot print assay

3.6.2. Placing foot print assay sheet on floor of passageway

3.6.3. Pan over passageway set up, TEXT: 50 cm long, 10 cm walls

3.7. To prepare the mouse, hold it gently and apply red ink to its front paws. [1.CU] Then, apply blue ink to its hind paws.  Using a paintbrush works fine. [2.CU] 

3.7.1. Painting the front feet red

3.7.2. Painting the rear feet blue

3.8. Next, set the mouse at one end the runway and give it up to 60 seconds to move to the other end. [1.CU]  Between trials, repaint the feet and replace the paper. [2.MED]  Repeat the process a total of three times per mouse.  [3.MED]
3.8.1. Mouse is set at one end of runway and walks to other side, leaving footprints

3.8.2. Talent removes the sheet and the mouse from the apparatus, then places new paper in apparatus
3.8.3. Talent finishes painting feet of mouse, again, and places mouse back in apparatus

3.9. Later, measure the distances [1.MED] between consecutive steps that contribute to forward movement along the runway. [2.CU] Do not used the first or last footprints, which correspond to a gate pattern used to start and stop movement. [3.CU]
3.9.1. Establish talent getting ready to measure distances between footprints

3.9.2. Measuring distances between footprints in middle of gate pattern and noting these distances on the paper

3.9.3. Crossing out the footprints that correspond with the first and last steps, and thus different gate patterns

4. Tissue Harvest 
4.1. After euthanizing the mouse, [1.WID] harvest the spinal cord and then harvest the quadriceps skeletal muscle. [2.MED] To harvest the spinal cord, first expose the backside of the mouse and fix the four limbs to a dissection board. [3.CU]
4.1.1. Establishing shot

4.1.2. Talent is securing the mouse to the board

4.1.3. Finishing securing of the mouse to the board

4.2. Then, wash the site of dissection with 70% ethanol. [1.CU]
4.2.1. Washing mouse midline with ethanol

4.3. Next, make a midline incision using scissors. Then, remove the pelt by either cutting or carefully tearing the skin in the transverse plane, followed by pulling the pelt up and over the head. [1.ECU]

4.3.1. Making the midline incision and tearing off pelt – do not show the face of the mouse during this shot

4.4. To remove the head, use scissors to cut beneath the shoulder blades and at the C1–2 region, adjacent to the base of the skull. [1.ECU]
4.4.1. Cutting between the shoulder blades to sever head – do not show the face of the mouse during this shot

4.5. Now, cut the abdominal wall musculature on the ventral side and continue laterally, one direction at a time, until the spinal column is exposed. [1.ECU]
4.5.1. Cutting muscles on ventral side individually, gradually exposing the spinal column

4.6. Then, using sharp scissors, remove the vertebrae. Start with taking sections from the cervical spinal cord. Then, cut laterally between the vertebrae and lift out the sections. [1.ECU/SCOPE]
4.6.1. This might be easier seen through a dissection microscope’s view, so consider a scope shot here using the author’s set-up.  Film as writtem.

4.7. To snap freeze the harvested tissues, [1.MED] half-fill a stainless steel bowl with 2-methylbutane and [2.CU] submerge the bottom quarter of the bowl in liquid nitrogen. Wait two minutes before proceeding. [3.MED-TXT]

4.7.1. Talent with container of liquid nitrogen, a bowl and 2-methylbutane bottle

4.7.2. Loading bowl with 2-methylbutane

4.7.3. Setting bowl into liquid nitrogen, TEXT: Wait 2 min
4.8. After a few minutes, transfer the sample into in the 2-methylbutane. [1.CU]  When the sample turns white, immediately transfer it [2.ECU] into a container imbedded in dry ice. Later, store the sample at -80 (C. [3.CU-TXT]
4.8.1. Setting the dissected sample into cold solution

4.8.2. Detail of sample turning white and then being lifted out of solution

4.8.3. Sample is placed in container on dry ice, TEXT: Store at -80 ºC 

4.9. To immunostain a spinal cord section, embed the tissue in a paraffin block at room temperature [1.CU] and then snap freeze the block with chilled 2-methylbutane. [2.ECU]
4.9.1. Setting the tissue into a block and pouring over melted paraffin, or similar action

4.9.2. Placing loaded paraffin block into chilled solution and then removing

4.10. For biochemical analysis and micro-RNA quantification, place the harvested tissue in a cryovial [1.CU] and freeze it in liquid nitrogen. Then, store it at -80 (C. [2.CU-TXT]
4.10.1. Loading a sample into a cryovial and attaching the cap

4.10.2. Loading cryovial into a liquid nitrogen tank, then removing, TEXT: Store at -80 ºC

5. Results: Treatment of SBMA Mice with miRNA 
5.1. SBMA mice were injected with 100 trillion genomes of AAV9-micro-R-298 virus at five weeks of age.  SBMA mice carry the human androgen receptor transgene with an abnormally expanded polyglutamine tract – by 10 weeks they normally developed signs of neuromuscular disease. 
5.1.1. Figure 1A – nothing to animate
5.2. The lumbar spinal cord and quadriceps muscle were harvested at several timepoints after treatment for analysis.  Quantitative RT-PCR showed that the micro-R-298 expression peaked in the skeletal muscle after 8 weeks [1.LM] and that the expression peaked in the spinal cord at 12 weeks. [2.LM]
5.2.1. Fig 2a – top – show the graph
5.2.2. Fig 2b – top – show the graph
5.3. 10 weeks after the injection, GFP was detected in both tissues [1.LM-TXT] and GFP-expression co-localized with the motor neuron marker, choline acetyltransferase.  [2.LM-TXT]
5.3.1. Fig 2a – bottom – add title “Skeletal Muscle”
5.3.2. Fig 2b – bottom – add title “Spinal Cord”
5.4. In a follow-up experiment, mice were randomly injected with the virus or vehicle at 7 weeks of age and were then weighed and assayed behaviorally weekly, up to 40 weeks of age. [1.LM] Ten weeks after the injection the treated mice started gaining weight [2.LM] and started showing improved motor performance. [3.LM]
5.4.1. Fig 1B – nothing to animate

5.4.2. Figure 4a – nothing to animate
5.4.3. Fig 4b – nothing to animate
5.5. Quantitative RT-PCR revealed that the treatment reduced [1.LM] the levels of mutant AR protein in the affected tissues. [2.LM]
5.5.1. Fig 3 left – nothing to animate
5.5.2. Fig 3 right – nothing to animate
6. Conclusion (said by authors on camera)

6.1. Dr.Carlo Rinaldi: After watching this video, you should have a good understanding of how to deliver a miRNA using a recombinant adeno-associated virus vector through tail-vein injection and how to perform behavioral assays that can help to assess the efficiency of the delivered miRNA in ameliorating lower limb atrophy and weakness in mice. 

6.2. Naemeh Pourshafie: The implications of this technique extend toward gene therapy approaches, because a safe and effective gene therapy requires targeted tissue- specific transfer of the therapeutic transgene.  

6.3. Dr.Carlo Rinaldi: We first had the idea for this method, when we realized that diseases caused by a toxic gain of function mechanism, such as SBMA, would benefit by overexpression of naturally occurring miRNA specifically targeting the 3’ UTR of the disease transcript.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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